The structural characteristics of the canopy are a key consideration for 13 improving the efficiency of the spray application process for tree crops. However, 14 obtaining accurate data in an easy, practical, and efficient way is an important problem 15 to be solved. This paper describes the technical characteristics of a sprayer prototype 16 developed for vineyards, following the principles and previous laboratory tests 17 
INTRODUCTION 64
In the last few years, improvement of the pesticide application process has been 65 During the pesticide application process, risk as a function of pesticide dose and 71 harm to sensitive non-target areas are both related to the total amount of plant protection 72 products (PPP) and the spraying efficiency during the distribution process over the 73 entire canopy. However, for orchard and vineyard applications, the different methods 74 7 liquid is modified accordingly in order to achieve a proportional spray distribution 149 based on canopy geometry. 150
The control algorithm (explained in Part 1 of this research) is based on the 151 measurement of canopy width (C Wj ) at section j, and its variations along the crop line. 152
Once that parameter is electronically determined, information about the tractor forward 153 speed along the row (v) and canopy height (C Hj ) of every single section j is added; the 154 algorithm was developed in order to calculate the canopy volume to be sprayed per unit 155 time (C Vj ), which is expressed in cubic metres per minute (see nomenclature). Equation 156
[1] indicates the relationship applied for this process: 157
where C Vj is the unit canopy volume to be sprayed per unit time (m 3 min -1 ); C Wj , the 159 canopy width at a certain position (m); C Hj , the canopy height (m); j is the intended 160 section; and v, the tractor forward speed (km h -1 ). 161
The main objective of the algorithm was to modify the emitted nozzle flow rate 162 based on the measurements of canopy volume along the crop line and its variations in 163 order to maintain a constant (as named in part 1) objective application coefficient (i o ). In 164 this research, the objective was to maintain a constant value for the application 165 
Sprayer design 182
A conventional air-blast orchard sprayer (Hardi LE-600 BK/2 with a centrifugal 183 fan having a 400-mm diameter) was used as the prototype for variable application. The 184 sprayer was equipped with a 600-L tank capacity and six individual and adjustable 185 outlets (three on each side of the machine); up to five nozzles could be arranged on each 186 outlet. A stainless steel mast was fitted in the front part of the sprayer as close as 187 possible to the centre axis of the machine (Figure 1 ). Three ultrasonic sensors were 188 fitted to the mast, and the distance between them could be adjusted according to the 189 canopy dimensions. A GPS antenna was also installed on top of the mast so that a GPS 190 receiver could be used to evaluate the uniformity of the forward speed along the track be limited so that the system could be turned off completely when no vegetation was 292 detected. This meant that the maximum working pressure (p max ) was initially set at 8.0 293 bar. On the other hand, the lower limit working pressure (p min ) on the system was 294 established at 3.0 bar in order to guarantee that the nozzles generated an adequate spray 295 pattern and droplet size spectrum. As a consequence of these two limitations and with 296 the aim of maintaining the working pressure within the most suitable range for optimal 297 13 actuation of the solenoid valves, three pressure intervals were established in order to 298 adjust the final emitted flow rate to the crop width: lower than 3.0 bar (p min ), between 299 3.0 and 11.0 bar, and higher than 11.0 bar (p max ). The system was implemented with 300 three on-off electrovalves to allow the complete closure of the system for locations 301 without a canopy. Canopy width measurements obtained with the three ultrasonic 302 sensors and the working pressure detected by the three pressure sensors in the system 303 were automatically recorded and related in pairs. In order to quantify the ability of the 304 system to modify the applied volume according to the canopy geometry variations, the 305 measured canopy volumes and corresponding working pressure selected by the 306 prototype were compared separately for each individual ultrasonic sensor in every test. 307
Based on this scenario, the theoretical and practical ranges of actuation for the 308 two brown hollow cone Albuz ATR nozzles on each manifold are shown in Figure 7 . 
Field trials 382
In order to evaluate the performance and accuracy of the developed prototype, 383 different field trials were arranged at Castell del Remei, a 70-ha wine farm, in Lleida, 384 Spain. A conventional application procedure at a constant application volume rate (L ha -385 1 ) according to the most commonly adopted practices at the farm was compared with the 386 variable application volume rate using the prototype. Two vine varieties (Merlot and 387
Cabernet Sauvignon) were sprayed in 2009 and 2010 at two different growth stages: 388 BBCH-75 and BBCH-85 (Meier, 2001 ). Both the variable application procedure and 389 the conventional procedure were carried out using the same tractor and sprayer. The use 390 of the same sprayer was possible because the device was installed on the control system 391 of the prototype, which allowed the proportional or conventional application procedure 392 to be selected. Table 3 
Droplet size measurements 399
The results (Table 4) 
Conclusions 504
Canopy characteristics have a substantial influence on spray deposition, and 505 some of the main parameters in the crop structure must be used to define the optimal 506 application volume rate. The prototype developed in this research allows 'real-time' 507 quantification of the canopy volume being sprayed during the application process. Our 508 results demonstrated that this prototype can measure the canopy and instantly modify 509 the working parameters (pressure and nozzle flow rate) for a more accurate and safe 510 liquid distribution. 511
The sensing and control systems of the developed prototype are efficient and 512 reliable enough to detect minor variations in canopy structure, and these measurements 513 can be used to establish a more suitable amount of pesticide according to the target 514 characteristics. Based on the results of this study, a considerable amount of pesticides 515 can be saved using available new technologies for characterising the canopy structure 516 along the row. This conclusion is in concordance with those obtained in other similar 517 Further development of the prototype should consider implementation with a precise 525 guidance tool such as RTK GPS. 526
The potential savings in the amount of PPP when using the developed prototype 527 were demonstrated. However, the system needs to be improved in order to achieve a 528 more robust and user-friendly sprayer for variable dosage of PPP. The problems 529 encountered during the field trials demonstrated a need for developing an easy-to-use 530 and low-cost commercial unit that growers can adopt without too many difficulties (Lee 531 et al., 2010) . 
